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Abstract. The aims of this study were to investigate the effects of training status, 
different intensities, durations and modes of exercises on the activity of 
complement receptor type 1 (CR1) of erythrocytes. Fifteen sedentary male adults 
and 15 male adult endurance athletes performed five separate treadmill exercise 
trials: max 2OV  test (T1), exercise at 40% max 2OV  for 30 min (T2), 80% max 2OV  
for 30 min (T3) and for 60 min (T4) and downhill running (-10% gradient) at 
60% max 2OV  for 30 min (T5). Blood samples were taken before exercise, 
immediately, one h, two h and 24 h after each exercise trial to assay the activity of 
erythrocyte CR1. The results showed that there was no significant difference 
between trained and untrained participants in erythrocyte-tumor cell rosette 
(ETCR) formations at rest (p>0.05). ETCR was significantly decreased after five 
exercise trials (p<0.05). Changes in ETCR were more obvious after T1, T3 and T4. 
ETCR 24 h after T5 was significantly lower than that after uphill running. Greater 
reductions and slower recoveries in ETCR were found in the untrained group than 
in the trained group. The results indicated that erythrocyte CR1 activity at rest was 
not affected by training status, but was significantly inhibited by acute exercise. 
Exercise at higher intensities and longer durations resulted in a greater suppression 
in the activity of erythrocyte CR1. The suppression was more marked in the 
untrained participants than in the trained participants. Downhill running induced a 
longer delay in recovery in erythrocyte CR1 activity compared to uphill running. 
(Biol.Sport 25:321-338, 2008) 
 
 
Key words: Erythrocyte - CR1 - Immune adherence - Training status - Treadmill 
exercise  
                                                 
Reprint request to: Dr Michael Chia, Physical Education and Sports Science, National 
Institute of Education, Nanyang Technological University, 1 Nanyang Walk, Singapore 
637616, Singapore. Tel: (65) 6790 3690, E-mail: michael.chia@nie.edu.sg  
 
   
   
 -
   
   
   
   
   
- 
   
   
   
   
  -
   
   
   
   
   
- 
   
   
   
   
  -
   
   
 
Electronic PDF security powered by www.IndexCopernicus.com
                                                                                                           Q. Hu et al. 







 Many studies have demonstrated that erythrocytes have an immune function as 
well as a respiratory one since Siegel et al. put forward a new concept called ‘the 
red-cell immune system’ in 1981 [27]. One of the main immune functions of 
erythrocytes is immune adherence: that is erythrocyte CR1 (complement receptor 
type 1, CD35) bind to complement-opsonized substrates such as IC (immune 
complexes or antigen-antibody-complement complexes)
 
[1]. CR1 in human 
erythrocytes has a high affinity for complement component C3b
 
[1,2,11]. IC, 
incorporating C3b, binds to CR1 on erythrocytes and is then transported to the liver 
and/or spleen where IC may be removed and degraded by cells of the macrophage 
system. Thereafter, erythrocytes returned to the circulation, apparently able to bind 
further IC
 
[1]. The first study of the relationship between erythrocyte CR1 and 
physical exercise was reported by Thomsen and his colleagues
 
[33]. They found 
that there was no difference between elite athletes and untrained males in resting 
levels of erythrocyte CR1. Moreover, a 60-min bicycle exercise at 75% max 2OV  did 
not induce an alteration in the level of erythrocyte CR1 in untrained subjects. Since 
then, some studies have shown that different chronic and acute exercise programs 
lead to an increase
 
[18,36], or a decrease, or no change
 
[14,15,30] in immune 
function of erythrocytes. However, valid data in this area are still notably lacking. 
 It is well known that eccentric contractions of muscles are more likely than 
concentric contractions to cause muscle damage, which can burden the immune 
system by concurrently eliciting a local inflammatory response
 
[4,22]. Camus et al.
 
[6] and Smith et al. [29] reported that eccentric exercise elicited significant 
increases in total leukocyte count, plasma concentrations of myeloperoxidase and 
elastase compared to concentric exercise. However, there are apparently no 
published studies that examined the effect of eccentric exercise on the immune 
function of erythrocytes. 
 The present study was designed to observe the change in the activity of 
erythrocyte CR1 in trained and untrained participants at rest, immediately after and 
up to 24 h after different types of treadmill running. Specifically, the study 
objectives were to (i) examine the effect of training status on the immune function 
of erythrocytes and the acute erythrocyte immune responses to exercise stimuli 
according to exercise training status, (ii) explain the effects of different exercise 
intensities and durations of treadmill running on the activity of erythrocyte CR1 
and (iii) determine the effects of uphill and downhill treadmill running on the 
immune adherence of erythrocytes. 
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Materials and Methods 
 
 Participants: The study was approved by the Human Subjects Ethics 
Committee of Physical Education and Sports Science, National Institute of 
Education, Nanyang Technological University in Singapore. All participants gave 
written informed consent to undertake the study. Fifteen healthy university male 
students represented the untrained group, while 15 male athletes comprising of 
long distance runners (n=7), biathletes (n=3) and triathletes (n=5) in Singapore 
represented the trained group. Participants of the untrained group had not received 
any sports training and had also not engaged in exercise regularly for at least the 
previous 24 months. Conversely, participants in the trained group had participated 
in regular sport training for at least the previous two years (i.e. 18.38±1.15 h/week). 
 Testing sequence: All participants underwent five exercise tests on the same 
treadmill. The tests were maximal oxygen uptake ( max 2OV ) test (T1), walking at 
40% max 2OV  for 30 min (T2), running at 80% max 2OV for 30 min (T3), running at 
80% max 2OV for 60 min (T4) and downhill running on a -10% gradient at 
60% max 2OV  for 30 min (T5). There was an interval of five to seven days between 





C with a relative humidity of 62-65%. The trained participants abstained 
from all forms of vigorous training two weeks before the exercise tests and 
throughout the weeks of data collection. And all participants were instructed to 
refrain from any form of vigorous physical activity for 48 h prior to testing and not 
to participants in any exercise for 24 h before each exercise test.  
 Maximal oxygen uptake was determined using a modified Bruce protocol
 
[3], 
multi-staged progressive max 2OV  test, on a treadmill (Quinton Series 90, Quinton 
Instrument Company, USA). The participant began the stage at 4 km/h at a 12% 
gradient. The treadmill speed and gradient were increased every three min 
according to the established protocol. The participant continued running on the 
treadmill to volitional exhaustion. The expired gases of the participant during the 
test were analyzed by ORCA
TM
 Cardiopulmonary Testing System (Quinton 
Instrument company, USA), which was calibrated with a gas mixture (Scott 
Medical Products, USA) before the exercise tests. Fifteen second heart rate average 
of the participant was measured continuously throughout the test using a heart rate 
monitor (Polar Accurex Plus
TM
, Polar Electro Oy, Finland). During the test, the 
criteria of plateau in 2OV  (failure to increase oxygen uptake by 150 ml/min) with 
increasing exercise intensity, a respiratory exchange ratio greater than 1.15, and an 
exercise heart rate of within 10 beats/min of the age-predicted maximum or failure 
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of heart rate to increase with further increases in exercise intensity were used to 
ensure that max 2OV  had been attained [8,9].  
 Blood sample collection: Venous blood samples were collected before and 
immediately after every exercise test, and at one h, two h, and 24 h of recovery. 
The samples were stored at 2-4
o
C until the analysis for erythrocyte CR1 activity, 
which was done within six h after the exercise tests.  
 The activity of erythrocyte CR1 assay: The activity of erythrocyte CR1 was 
assayed by observing the phenomenon of immune adherence of erythrocytes using 
a modified erythrocyte-tumor cell (Hela cell) binding test [12,34]. Two milliliters 
of blood were taken in vacutainers, containing 3.2% sodium citrate (Becton 
Dickinson Vacutainer Systems, France). The tube was centrifuged at 2000 rpm for 
30 min. One hundred microliters of erythrocytes were pipetted into a clean 
centrifuge tube. The cells were washed three times with Hanks' balanced salt 
solution and were adjusted to a concentration of 1×10
8
/ml (erythrocyte suspension). 
Hela cell line (American Type Culture Collection, USA) was used to test the 
activity of erythrocyte CR1. Hela cells were washed three times with Hanks' 
balanced salt solution and were adjusted to a concentration of 1×10
6
/ml (tumor cell 
suspension). One hundred microliters of the tumor cell suspension, 50-µl of 
autologous plasma of the participant and 50-µl of erythrocyte suspension were 
added into a 5-ml test-tube and mixed gently. The cells were incubated in a water 
bath at 37
o
C for 30 min. After the incubation, 100-µl of 0.9% sodium chloride 
solution was added and mixed with cells gently. Fifty microliters of 0.25% 
glutaraldehyde (Sigma-Aldrich, USA) were added and mixed with the cells gently 
to fix the cells for five min. After the fixation, 150-µl of the cells was spread on a 
microscope slide, and cells were stained by Wright’s Stain Solution (Sigma-
Aldrich, USA). Three or more than three erythrocytes binding to a Hela cell was 
counted as one rosette. The number of erythrocyte-tumor cell rosette (ETCR) 
formation in 100 Hela cells (%) was calculated. 
 Statistical analyses: Participant information and data of the activity of 
erythrocyte CR1 are presented as means  standard errors. SPSS 11.0 statistical 
software was used for data analyses. Differences in key variables of interest 
between trained and untrained groups were analyzed by independent-samples t-test. 
Alterations in the activity of erythrocyte CR1 after the different exercise tests were 
analyzed using repeated measures analysis of variance. Statistical significance level 
was set at p<0.05. 
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 Participants’ characteristics: Table 1 shows the characteristics of the trained 
and untrained participants. The age, stature, body mass and resting blood pressure 
(BP) of the trained group were not significantly different from those of the 
untrained group (p>0.05). However, max 2OV  and VT in the trained group was 
significantly higher (p<0.05), and the tissue percentage of whole body fat and heart 
rates at rest (HRrest) were significantly lower (p<0.05) in the trained group than 
those in the untrained group. 
 
Table 1 
Characteristics of the participants 
 
 Untrained Trained 
 
Sample size (n) 15 15 
Age (years) 23.0±0.70 24.7±0.82 
Stature (cm) 172.7±1.73 173.4±1.84 
Body mass (kg) 66.33±2.86 62.90±1.89 
Body fat (%) 18.3±1.55 11.0±1.11
*
 
HRrest (beats/min) 78±2.59 59±1.75
*
 
BPrest (mmHg) (Systolic/Diastolic) 113/75±2.31/1.27 112/74±1.84/1.70 
max 2OV  (ml·kg-1·min-1) 44.15±1.81 64.19±1.29* 
VT (% max 2OV ) 54.02±1.48 61.87±2.17* 
 
Values are means±SE; Significant difference between two groups: *p<0.05; 
Body fat (%): the percentage of whole body fat; HRrest: resting heart rate;  
BPrest: resting blood pressure; max 2OV : maximal oxygen uptake;  
VT: ventilatory threshold presented in percentage of max 2OV . 
 
 Changes in activity of erythrocyte CR1 after different treadmill exercises: Table 
2 shows that the change in activity of erythrocyte CR1 after five exercise tests in 
the trained group. ETCR was significantly reduced after T1 and returned to the pre-
exercise test value at 24 h after the test. Significantly lower ETCR occurred 
immediately after and one h after T1 compared to the pre-exercise and 24 h post-
test values (p<0.05). ETCR at two h after T1 was reduced compared to the pre-
exercise value (p<0.05), but was significantly higher than the values immediately 
after and one h after the test (p<0.05). After T2, ETCR was significantly decreased 
 
   
   
 -
   
   
   
   
   
- 
   
   
   
   
  -
   
   
   
   
   
- 
   
   
   
   
  -
   
   
 
Electronic PDF security powered by www.IndexCopernicus.com
                                                                                                           Q. Hu et al. 





immediately post-test and recovered to the pre-exercise value one h after exercise. 
ETCR was significantly suppressed immediately, one h and two h after T3 and T4 
compared to the pre-exercise values (p<0.05), and returned to the pre-test values 24 
h after the tests. After T5, ETCR was significantly reduced immediately after, one 
h and two h till 24 h after exercise (p<0.05) when compared to the pre-test value.  
 
Table 2 
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Values are means±SE;  
ETCR: erythrocyte-tumor cell rosette formation in 100 tumor cells  
Significantly different from the values pre-test: 
a
p<0.05; 
Significantly different from the values immediately post-test: 
b
p<0.05; 
Significantly different from the values at one h post-test: 
c
p<0.05; 
Significantly different from the values at two h post-test: 
d
p<0.05; 
Significantly different from the values at 24 h post-test: 
e
p<0.05; 
Significantly different from the values for max 2OV  test: 
A
p<0.05; 
Significantly different from the values for 40% max 2OV  test: 
B
p<0.05; 
Significantly different from the values for 80% max 2OV  (30-min) test: 
C
p<0.05; 
Significantly different from the values for 80% max 2OV  (60-min) test: 
D
p<0.05; 
Significantly different from the values for downhill running (-10% gradient) at 
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Percentage changes (compared to pre-exercise values) in nETCR after the different 
exercise tests in trained (n=15, A) and untrained groups (n=15, B) 
Based on the data of Table 2 and Table 3; Values are means±SE;  
nETCR: the number of erythrocyte-tumor cell rosette formation in 100 tumor cells; 
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Downhill running  
(-10% gradient) at 
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Values are means±SE; ETCR: erythrocyte-tumor cell rosette formation in 100 
tumor cells; Caption: see Table 2 
 
 At rest, there was no significant difference between the different tests in ETCR 
(p>0.05) in trained participants. However, there were different changes in ETCR 
after the exercise tests (Table 2, Fig. 1A). Immediately after exercise, the greatest 
alteration in ETCR was found after T1 compared to the percentage changes in 
ETCR from the pre-exercise values immediately after the other four exercise tests. 
The greatest decreases in ETCR were found at one h and two h after T4. The 
changes in ETCR immediately after, one h and two h after T2 were smaller than 
the other exercise tests. Twenty four h after the exercise tests, ETCR showed a 
greater percentage decrease from the rest value after T5 than the percentage 
changes 24 h after the other four tests (Fig. 1A). Table 3 shows changes in immune 
adherence of erythrocytes after the five exercise trials in the untrained group. 
ETCR was significantly reduced immediately after, one h and two h after T1 and 
T2 compared to the pre-exercise values (p<0.05). Full recovery of ETCR to the 
pre-test values occurred by 24 h after the two tests. Similar trends in changes in 
ETCR were observed after T3 and T4. ETCR was significantly reduced 
immediately after, one h, two h after T3 and T4 (p<0.05) and remained reduced at 
24 h after both tests compared to the pre-test values (p<0.05). However, ETCR    
24 h after T3 and T4 was significantly higher (p<0.05) than the values immediately 
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after, one h and two h after the two tests. In comparison to the value before the 
exercise test, ETCR were significantly decreased immediately after T5 and up to 
24 h after the test (p<0.05). However, ETCR at 24 h after T5 was higher (p<0.05) 
than ETCR at time points immediately after, one h and two h post-test.  
 ETCR at rest was also not significantly different (p>0.05) between the different 
test conditions in the untrained participants. However, various immune responses 
of erythrocytes to different exercise tests were found (Table 3, Fig. 1B). T2 
induced smaller alterations in ETCR immediately after, one h, two h and 24 h after 
the exercise compared to the percentage changes in ETCR from the pre-exercise 
values after the other four exercise tests. The percentage decreases in ETCR from 
the rest values were greater immediately after up to two h after T3 and T4, and 24 h 
after T5 (Fig. 1B).  
 The comparison of the activity of erythrocyte CR1 between trained and 
untrained groups: At rest before each exercise trial, ETCR in the trained group was 
not significantly different from the ETCR values in the untrained group (p>0.05,      
Fig. 2). ETCR was not significantly different between two groups immediately 
after T1 (p>0.05), but were significantly lower (p<0.05) in the untrained group at 
one h and two h after the exercise test (Fig. 2A). The percentage changes in ETCR 
from the pre-exercise values showed that greater reductions occurred in the 
untrained group at time points one h and two h after T1 (Fig. 3A). After T2, ETCR 
was significantly reduced in the untrained group at one h after exercise compared 
to that of the trained group (p<0.05). No significant difference (p>0.05) between 
two groups in the same variable was found at immediately after, two h and 24 h 
after T2 (Fig. 2B). However, higher percentage decreases in ETCR from the pre-
exercise values in the untrained groups were found at one h and two h after T2 (Fig. 
3B). In the untrained group, ETCR was significantly lower than that in the trained 
group at immediately after, one h and two h after T3 (p<0.05, Fig. 2C). The 
percentage decreases in ETCR from the pre-exercise value in the untrained group 
were greater than the changes in the trained group immediately post-test up to 24 h 
post-test (Fig. 3C). Significantly lower ETCR in the untrained group was observed 
at time points immediately after and 24 h (p<0.05) after T4 compared to the values 
in the trained group. There was no significant difference (p>0.05) between two 
groups in ETCR at one h and two h after T4 (Fig. 2D). Percentage change in ETCR 
from the pre-exercise value was greater in the untrained group 24 h after the test 
(Fig. 3D). After T5, significant differences (p<0.05) between trained and untrained 
groups in ETCR were found until the time points two h and 24 h after the test, 
although no significant difference between two groups in ETCR immediately after 
and one h after T5 (Figs 2E, 3E).  
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Changes in ETCR in trained (n=15) and untrained (n=15) groups after maximal 
oxygen uptake test (A), exercise at 40% max 2OV  for 30 min (B), 80% max 2OV  for 
30 min (C), 80% max 2OV  for 60 min (D) and downhill running (-10% gradient) at 
60% max 2OV  for 30 min (E) 
Values are means±SE; Significant difference between two groups: *p<0.05 
ETCR: erythrocyte-tumor cell rosette formation in 100 tumor cells;  
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Percentage changes (compared to pre-exercise values) in nETCR in trained (n=15) 
and untrained (n=15) groups after maximal oxygen uptake test (A), exercise at 
40% max 2OV  for 30 min (B), 80% max 2OV  for 30 min (C), 80% max 2OV  for 60 min 
(D) and downhill running (-10% gradient) at 60% max 2OV  for 30 min (E) 
Based on the data of  Figure 2. Values are means±SE;  
nETCR: the number of erythrocyte-tumor cell rosette formation in 100 tumor cells;  
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 Effects of training status on resting activity of erythrocyte CR1: The present 
results showed that there was no significant difference between the trained and 
untrained participants in ETCR at rest (Fig. 2). In other words, the activity of 
erythrocyte CR1 in the trained participants was not altered although the 
participants had engaged in regular endurance training for more than two years. 
The results were consistent with the findings of Thomsen and his colleagues
 
[33], 
who first reported that the resting level of CR1 on erythrocytes in elite racing 
cyclists did not significantly differ from that in untrained males. The data were in 
agreement with those of previous studies as well
 
[15,18,20]. For example, no 
obvious effect of chronic exercise on the resting activities of CR1 on erythrocytes 
was observed in young middle and long distance runners (male) and female 
athletes
 
[6,9]. There was no change in the resting values of immune adherence of 
erythrocytes in 60-76 year old males who had practiced ‘Taijiquan’ for more than 
10 years compared to age-matched controls
 
[20]. The results from the present study 
indicated that human immune adherent function of erythrocytes at rest remained 
unaffected by endurance training lasting at least two years. 
 However, Qigong, a special Chinese exercise to build health, has been shown to 
enhance erythrocyte immune function. Masters of Qigong possessed a markedly 
higher erythrocyte immune adherence at rest compared to healthy controls
 
[36]. 
Contrarily, animal research suggests that 4-8 weeks of heavy exercise training on a 
treadmill could induce a significant suppression in the immune function of 
erythrocytes in Sprague Dawley rats
 
[24,30]. Therefore, it remains possible that 
there may be factors that could influence resting erythrocyte immune function due 
to exercise training styles. More research in this area is needed. 
 Effects of different acute exercises on the activity of erythrocyte CR1: The data 
from the present study have demonstrated that ETCR was significantly reduced in 
both trained and untrained participants after all five exercise tests (Tables 2, 3,   
Fig. 1), which meant that the activity of erythrocyte CR1 was significantly 
decreased and the immune function of erythrocytes was inhibited. These results 
supported findings of previous studies that reported that the activity of erythrocyte 
CR1 in both middle and long distance runners and untrained subjects significantly 
diminished immediately after two exercise tests on a cycle ergometer at 
45% max 2OV  and 85% max 2OV , respectively, for 10 min [15]. Three step exercises 
at different durations (i.e. 15 min, 30 min and 45 min) but at the same intensity 
(700 kg·m·min
-1
) produced significant inhibitions in immune adherence of 
erythrocytes in healthy young males immediately after and three h after exercises
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[14]. These recovered to pre-exercise levels 15 h after exercises. Moreover, a 
negative relationship between the activity of erythrocyte CR1 and exercise 
durations was found.  
 The mechanisms for the change in activity of CR1 on erythrocytes due to 
physical exercise are not clear. The damage to the erythrocyte membrane, increase 
in oxidative stress, activation of the complement system, changes in the body 
internal environment, leukocyte immune function and the neuroendocrine system 
during exercise may all affect the results. It has been reported that physical exercise 
caused changes in blood lactate concentration and a negative relationship between 
immune adherence of erythrocytes and blood lactate concentration was established
 
[16]. Inhibiting and enhancing factors for erythrocyte immune adherence in serum 
have been proposed. Both chronic and acute exercises resulted in changes in serum 
factors, which might be one explanation for the change in erythrocyte immune 
function due to exercise
 
[18]. Soong et al. reported that an eight weeks of heavy 
training on treadmill reduced immune functions of erythrocytes and leukocytes in 
rats, and there was a positive correlation between the activity of erythrocyte CR1 
and the immune function of T lymphocytes
 
[30]. It has been demonstrated that 
there were hormone receptors and binding sites such as opiate, insulin, adrenergic 
and steroid binding sites in human erythrocyte membranes
 
[7,10,28,32]. Some 
studies indicated that there was a biphasic endorphin-regulatory effect on the 
immune function of erythrocytes
 
[19,31]. Animal research has shown that resting 
erythrocyte CR1 activity was significantly lower in trained rats than in control rats 
after an 8-week heavy training program on a treadmill. Meanwhile, plasma ACTH 
and -endorphin levels decreased in trained animals. Physical exercise has been 
found to induce the response of the neuroendocrine system. The change in immune 
adherence of erythrocytes might be mediated by exercise-induced alterations in 
stress hormones
 
[17,30]. Therefore, the factors that influence the immune function 
of erythrocytes in exercise are multifactorial. 
 There are apparently no published studies that examined the effect of eccentric 
exercise on the immune function of erythrocytes. The interesting finding in the 
present study was that the reductions in the activities of erythrocyte CR1 due to 
downhill running on a –10% gradient at 60% max 2OV  for 30 min were still marked 
up to 24 h of the recovery period in the participants. Moreover, both trained and 
untrained participants showed greater decreases in immune function of 
erythrocytes at 24 h after eccentric exercise compared to the other exercise tests, 
albeit the changes were smaller immediately after downhill running (Tables 2, 3, 
Fig. 1). The mechanisms for such changes in the activity of erythrocyte CR1 due to 
downhill running are unclear. These changes may be related to unaccustomed 
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eccentric contractions during exercise, which are more likely than concentric 
contractions to cause delayed onset of muscle soreness and muscle damage
 
[4,5,21]. 
 The data on immune adherence of erythrocytes in the present study showed that 
the suppression in immune function of erythrocytes was more apparent and the 
recovery in immune function of erythrocytes after the exercise tests was slower in 
the untrained participants than in the trained participants. After light exercise at 
40% max 2OV  for 30 min, a significant reduction in activity of erythrocyte CR1 in 
the trained participants was only found immediately after exercise and recovered to 
the pre-exercise value within one h after exercise. Furthermore, ETCR increased 
(around 8%) from the pre-exercise value 24 h after the exercise. However, the 
immune adherence of erythrocytes in the untrained participants was significantly 
depressed immediately after exercise at 40% max 2OV  for 30 min up to two h after 
the same exercise and returned to the pre-exercise value 24 h after the test (Tables 
2, 3, and Figs. 2B, 3B). After exercise at 80% max 2OV  for 30 min, the decrease in 
activity of erythrocyte CR1 was much greater in the untrained participants 
compared to that in the trained participants (Tables 2, 3, Figs. 2C, 3C). These 
results were consistent with a previous study, in which an acute exercise at 
85% max 2OV  significantly reduced the activities of erythrocyte CR1 in both middle 
and long distance runners and untrained young males. Meanwhile, the untrained 
males showed greater changes in the ability of immune adherence of erythrocytes 
after exercise
 
[15]. Physiological adaptations in the body to exercise training may 
explain this difference. Endurance training causes physiological adaptations in all 
the systems of the body in trained participants
 
[25,35]. Therefore, exercise at the 
same workload is a relatively smaller stimulus to the body so that the change in the 
internal environment of the body is lower, and smaller effects on the immune 
function may be expected during exercise in trained participants.  
 However, it should be noted that conflicting results have been reported. For 
instance, Thomsen et al. reported that the level of erythrocyte CR1 in untrained 
people did not change during a 60-min bicycle exercise at 75% max 2OV , two h and 
24 h after exercise, respectively
 
[33]. Another study showed that a set of Wu style 
Taijiquan (20 min) did not cause alteration in the activity of erythrocyte CR1 
immediately after exercise in older males (60-76 years), but elevated the activity at 
two h after exercise
 
[20]. Contrarily, an increase in immune adherence of 
erythrocytes in young female participants was found after a 15-min treadmill 
running at 8 km/h on a level gradient. And the activity of erythrocyte CR1 returned 
to the pre-exercise level 24 h after the exercise
 
[18]. 
 Some of these conflicting results may be associated with the different 
techniques used for immune function analysis. For example, Thomsen detected 
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erythrocyte CR1 using enzyme linked immunosorbent assay (ELISA) that mainly 
measured the levels or numbers of CR1 on erythrocytes based on the principles of 
antigen-antibody reaction
 
[33]. In the present study, the method used was an 
effective technique to assay the activity of erythrocyte CR1. During exercise, 
hemorheological and microcirculatory parameters were significantly influenced. 
The fragility and rigidity of erythrocytes were changed due to muscle contraction, 
extrusion, vascular friction and lipid peroxidation, resulting in impairment of 
erythrocytes and even hemolysis
 
[13,23,26]. This suggested that the membrane of 
erythrocytes was impaired due to exercise. The CR1 molecule is a large 
transmembrane glycoprotein. The injured structure of the erythrocyte membrane 
due to exercise may affect the activity of CR1. However, the antigenicity of CR1 
on erythrocytes may still exist. Therefore, it is assumed that no change in the 
number of CR1 may be detected using the experimental approach by antigen-
antibody reaction, ELISA. These could have contributed to the conflicting results 
obtained.  
 Apart from differences in detection methods, differences in the intensities and 
durations of exercise, sex and fitness level of participants, the time of blood 
sampling, the duration of the recovery period may also affect the results. Thus, 
direct comparisons across different studies are difficult to accommodate. 
 In conclusion, ETCR at rest in the trained and untrained participants was similar 
in the present study. This indicated that at rest, the activity of erythrocyte CR1 was 
not affected by training status. Following acute exercise at max 2OV  intensity, 30 
min of treadmill walking at 40% max 2OV , 30 min of treadmill running at 
80% max 2OV  and 60 min of treadmill running at 80% max 2OV , ETCR were 
significantly reduced from resting values in trained and untrained participants. 
Exercise at max 2OV  intensity, 80% max 2OV  for 30 min and 60 min resulted in 
greater suppressions in ETCR in trained and untrained participants. However, the 
changes were more marked in the untrained participants than in the trained 
participants. Additionally, downhill running on treadmill at -10% gradient at 
60% max 2OV  for 30 min induced significant changes in ETCR from resting values 
in trained and untrained participants up to 24 h after exercise. The decrease in 
ETCR at 24 h after downhill running on -10% gradient at 60% max 2OV  for 30 min 
was significantly greater than that induced by normal treadmill running, suggesting 
that eccentric type exercise induced a delayed recovery in activity of erythrocyte 
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